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@ Improvements In wind powered electric generators. 

© A diffuser augmented wind turblna structure comprising a 
rotor assembly and an electric generator characterised in that 
the structure Includes an axially disposed longitudinal load- 
carrying beam ( 1 ) which supports the rotor assembly and elec- 
tric generator and defines a longitudinal axis about which the 
toiqr (R t ) rotates, means for rendering the structure buoyant 
in air whereby the structure may be maintained airborne above 
the surface of the earth, said means including an annular light- 
er than air gas-filled shroud (3) surrounding the beam (1) to de- 
fine a diffuser duct In which the rotor (fy) rotates, means (1a) 
for maintaining the shroud (3) In aerooVnamlcally fixed relation 
to the beam (1), and a stabilising stay system (10, 12, 13) con- 
necting the beam (1) to anchor means (9) located at the surfa- 
ce of the earth such that the alr-bome structure may travel In a 
circular path around the anchor means whereby the structure 
may be maintained substantlaJIy downwind of the anchor 
means with the diffuser inlet facing substantially Into the wind 
Irrespective of the direction of the wind. 
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Improvements in wind powered electric generators 

The present invention relates to improvements in wind powered electric 
generators. 

Recent proposals for wind energy support structures for extra large 
multi -megawatt systems invariably involve the use of vast areas of land 
and/or sea. In theory, for basic wind energy array systems experts ad- 
vise a minimum distance of ten times rotor diameter between each gen- 
erator unit. In practice, however, for maximum efficiency, an inter- 
generator distance of 15 to 20 times rotor diameter is to be preferred. 
Using such criteria Swedish research has shown that land use varies be- 

2 9 
tween 25 km (9.6 sq. miles) to 8.3 km per 100 MW for wind turbine sizes 

of 1 MW (d-50 m, - 164 ft) to 10 MW (d-135m, - 442 ft). 

Land for such large arrays of wind turbines must compete with other uses 
of national economic importance, for example farming, forestry, fishing, 
tourism, building development, mining, industrial expansion, and the like 
In the light of such competition, the legal and financial consideration 
of Tand values involved, not taking into consideration the very long per- 
iods of time wasted in official feasibility and cost efficiency studies, 
very often renders an otherwise technically viable wind turbine project 
extremely cost-inefficient. Also, the problems of transporting large 
very heavy structural units over rough terrain with few or no roads or 
railway access, adds their share of unforeseen and unnecessary capital 
expenditure. 
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In my Irish Patent Specification No. 315/79 I describe and claim a support 
structure for a wind p.owered electric generator comprising a substant- 
ially horizontal load-carrying beam located above the surface of the 
earth and adapted to carry a wind rgtor and generator, characterised 
in that the beam is anchored by means of a stabilising stay system com- 
prised of at least one flexible cable connecting the beam to anchor 
means located at the surface of the earth* and the beam and/or the . . - 
anchor means are movable in ah arc relative to each other whereby the 
beam may be maintained substantially downwind of the anchor means with 
the rotor facing substantially into the wind irrespective of the dirr- 
ection of the wind. In-one embodiment of that invention the horizontal 
beam carrying the wind rotor and generator is carried above the surface 
of the earth by a lighter than air vehicle, which may be, for example, 
a helium filled airship. 

The present invention is concerned with the integration of the horizontal 
rotor supporting beam, and its lighter than air support vehicle into a 
composite wind energy conversion system capable of very high power output. 
High power output per turbine diameter is obtained by using a diffuser 
augmented wind turbine. By use of such an augmenter increased power output 
and a reduction in the number of individual wind turbine support towers 
and anchorage systems can be achieved, thereby greatly reducing the cost 
per kW installed, and total land/sea requirements. In a diffuser 
augmented wind turbine the rotor is enclosed in a diverging duct called 
a diffuser and which may be in the form of a shroud or radial wing. The 
diffuser causes expansion of the turbine exhaust flow which results in a 
low pressure at the turbine exit which in turn induces greater air mass 
flow and velocity through the turbine than is obtained with conventional 
turbines. 

Research on diffuser augmented systems has been carried out for many 
years in the U.S.A., (R.A. Oman, K.M. Foreman and B.L. Gilbert "Invest- 
igation of Diffuser Augmented Wind Turbines 11 ERDA Report C00-2616-2, 
Jan 1977; K.M. Foreman, B.L. Gilbert. and R.A. Oman "Diffuser Augmentation 
of Wind Turbines" </. of Solar Energy, Vol, 20, No. 4 (April 1978); B.L. 
Gilbert and K.M. Foreman "Experimental Demonstration of the Diffuser 
Augmented Wind Turbine Concept", Proceedings of 13th Intersociety Energy 
Conversion Engineering Conference, San Diego, August 1978), and in Israel 
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(Ozer Igra, Ben Guri on University of the Negev "Israel: Work on Aero- 
generator Shrouds"; 0. Igra and K. Schulgasser "Design and Construct- 
ion of a pilot plant for a shrouded wind turbine", 2nd International 
Symposium on Wind Energy Systems, Amsterdam, Oct. 1978). Power output 
from diffuser augmented systems shows an increased power factor of 3 to 
4 and greater, as against an unaugmented or unshrouded wind turbine in 
a free air stream of equal diameter. To date,, all work on diffuser aug- 
mented systems has been on a laboratory scale only* The construction of 
such systems outside the laboratory, however, while technically feasible 
up to 30 ft. diameter, has proved to be a very uneconomic source of 
energy. This cost efficiency problem is due to the excessive construct-, 
ion cost of ground based augmenters, which require strong structural 
materials relative to the size and power output of the system. 

All experimental diffuser augmented systems so far erected have been 
single ground based units, i.e. systems in which. the rotor is supported 
on a lattice steel tower or reinforced concrete platform, and is power 
rotated on its base to face the prevailing wind. While diffuser aug- 
mented structures of up to 30 ft. diameter may' be designed to withstand 
wind gusts of up to 100 mph, similar base rotated diffuser augmented 
structures having rotors of 100 - 200 ft. in diameter, are not technically 
or economically possible, having regard to the present state of the art* 

It is an object of the present invention to overcome the disadvantages 
inherent in known diffuser augmented wind turbine systems and to provide 
such a system which is capable of operating in an economic manner with 
rotor blades of a diameter in the order of 100 to 200 ft.* 

According to the invention a diffuser augmented wind turbine structure 
comprises a rotor assembly and an electric generator and is characterised 
in that the structure includes an axial ly disposed longitudinal load- 
carrying beam (1) which supports the electric generator (7) and the rotor 
assembly and defines a longitudinal axis about which the rotor rotates, 
means for rendering the structure buoyant in air whereby the structure 
may be maintained air-borne above the surface of the earth, said means 
including an annular lighter than air gas-filled shroud surrounding 
the beam to define a diffuser duct in which the rotor rotates, means 
for maintaining the shroud in aerodynamically fixed relation to the 
beam, and a stabilising stay system connecting the beam to anchor means 
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located at the surface of the earth such that the air-borne structure 
may move in a circular path around the anchor means whereby the 
structure may be maintained substantially downwind of the anchor means 
with the diffuser inlet facing substantially into the wind irrespective 
of the direction of the wind. The diffuser duct is preferably of 
smaller internal diameter at its entrance than at its exit. Suitably, 
the duct has an air-intake portion upstream of and converging towards 
the rotor assembly, and a diffuser section downstream of and diverging 
away from the rotor assembly towards the duct exit. The diffuser 
section" is suitably of conical shape. Preferably, the diffuser shroud 
is of aerofoil shape in cross-section. The beam which is disposed 
axially in the duct may be held in place by a plurality of tensioned 
radial stays connecting the beam to the diffuser shroud. The beam may 
itself be enveloped within a secondary gas-filled envelope which 
assists in supporting the structure. 

The wind turbine of the invention is- preferably anchored by means of 
a stabilising stay system as described in my Irish Patent Specification 
No. 315/79. In addition the air borne structure may be held substantially 
stationary at a selected position and altitude by means of a system of 
power-driven horizontal and vertical rotors. These rotors may 
automatically maintain the structure at a selected altitude by means 
of an electronic altimeter control, for example* 

By dispensing completely with support towers, ground-based support 
tracks and balancing loads as described, for example, in my aforesaid 
Irish Patent Specification No. 315/79, total freedom of location of the 
wind turbine of the present invention is attained. A further advantage 
of the system of the invention is that the structure may be located in 
areas of high altitude so as to obtain maximum wind power. 

The invention is described in more detail with reference to the embodi- 
ments illustrated in the accompanying drawings, wherein: 

Figs; 1 & U are a sectional elevation and front elevation respectively 
of a first embodiment of a wind generator in which the rotor is medium 
speed rotor having 3 or 4 blades. 
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Fig. 2 is a diagramatic front elevation of a second embodiment of the 
invention having a slow speed high torque multi-blade rotor; 
Figl 3 is a diagramatic front elevation of a second embodiment of the- 
invention having a high speed two blade rotor* ■ 

Figs. 4 and 4a are a sectional elevation and front elevation respect- 
ively of a fourth embodiment which includes a plurality of fixed or 
movable stators in the rotor assembly; 

Figs. 5 and 5a are a sectional elevation and front elevation respect- 
ively of a fifth embodiment which includes a rear auxiliary augmenter; 
Figs* 6, 6a and 6j> show a side elevation, front elevation and layout 
plan respectively of a sixth embodiment in which three generators are 
interconnected to form a multi -module array; 

Figs. 7 \ 7ar and 7b show a side elevation, front elevation and layout 
plan of a seventh embodiment having five generators interconnected; 
Figs. 8* to 8c are a side elevation, a front elevation and layout plans 
respectively of. an eighth embodiment in which a multi -module array is 
anchored to a fixed tower; 

Figs. 9, 9-a and 91> show a plan view, a side elevation and front elevation 
respectively of a multi-module array located above a body of water; 
Fig. 9c is a side elevation showing a modification of the system as 
illustrated in Figs. 8 to 8c,; 

Figs. 10 to 14a show details of an anchor system for use with the embodi- 
ment illustrated in Figs. 6, 7 and 9; 

Figs. 15 to 16a, 19 and 19a^ illustrate methods of transporting the wind 
generators of the invention from their assembly location to wind-power 
site location; 

Fig. 17 is a side elevation of a ninth embodiment of the invention; 
Figs. 17ja and 18 are an enlarged cross-section and front elevation re- 
spectively of the embodiment illustrated in Figure 17; 
Figs. 20 to 21b illustrate methods of fabricating and assembling struct- 
ures of the invention; 

Figs. 22 and 23 are side elevations showing details of construction of 

wind turbines of the invention; 

and 

Figs. 24 and 25 are a plan and side elevation respectively of a layout 
of wind turbines of the invention to obtain maximum utilisation of grad- 
ient winds. 
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Referring to Figs. 1 and la. of the drawings a diffuser augmented wind 
turbine comprises a substantially horizontal load-bearing beam 1 which 
suitably is in the form of a lattice girder. The beam 1 supports a 
generator 7 and a rotary ring 7a for the rotor blades R-j as described 
in more detail in nty Irish Patent Specification No. 315/79. The rotor blades 
R-j rotate about a longitudinal axis defined by the beam 1 and in a duct 
which is defined by an annular shroud or augmenter 3. 

The shroud 3 is comprised of a gas-inflatable balloon-type bag formed 
of a flexible membrane which preferably is plastics coated as described 
hereinafter. The shroud 3 may comprise a single bag, or may be formed 
of a plurality of bags, firmly laced or otherwise connected together to 
form a complete shroud. The membrane forming the shroud 3 is so shaped 
that when inflated it is of aerofoil shape in section. In an alternative 
arrangement the aerofoil shape is obtained by means of an internal grid 
of lattice beams (see Fig. 1).. The grid 8 may contain a plurality of 
gas-filled bags (not shown). 

The shroud 3 is of annular shape and defines a duct in which the rotors R 1 
rotate. The beam 1 is located along the longitudinal axis of the duct. 
The shroud 3 is supported and maintained in aerodynamical ly fixed re- 
lation to the beam 1 by means of a radially-tensioned net la^. The net 
la is shown in more detail in Fig. 23. As shown in this figure, the 
net is comprised of a plurality of tensioned cables disposed at right 
angles to each other, longitudinally and transversely between support 
rings lb and l£ which are located at opposite ends respectively of the 
beam 1. The support rings lib and l£ surround the beam 1 which 1s dis- 
posed along the centre axis of the support rings, and the support rings 
are held in fixed relation to the beam 1 by means of a plurality of 
radial stays 4 tensioned between the support rings and the respective 
ends of the beam 1. The support rings lb and 1c are preferably con- 
structed of a curved lattice beam and may be further supported by rad- 
ial cables 5. 

The support ring 1J> which is on the windward side of the wind turbine, 
defines the entrance to the air duct and is of smaller diameter than 
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support ring Vc which defines the exit of the duct. The radial trans- 
verse cables of the net lei are of varying peripheral .length such that on 
tensioning the longitudinal axial cables of the net, the net imparts an 
internal aerofoil shape to the duct, which includes a diffuser section 
downstream of the rotor assembly R 1 which diverges away from the rotor 
towards the exit of the duct* 

An alternative construction of net la_ is illustrated in Fig. 24. In 
this arrangement the mesh of the net is comprised of longitudinal cables 
disposed diagonally to each other in such a manner as to define the in- 
ternal aerofoil shape of the duct. As in the embodiment of Fig- 23 the 
duct is divergent. 

Referring again to the embodiment illustrated in Figs- 1 and la^ the 
shroud 3 is inflated with a lighter than air gas, for example helium, 
such that the structure can be maintained airborne. In this embodiment 
the beam 1 is also enveloped in, and forms the main structural element 
of, a balloon 2, which likewise is inflated with helium to give extra 
lift to the structure. Sufficient inflation pressure should be used to 
enable the structure to withstand all expected wind forces and to prevent 
deflation of the aerofoil shape of the shroud 3 and balloon 2. Horizontal 
stablising fins 6 may be mounted on the beam 1 and extend laterally from 
the balloon 2. Additional vertical and/or horizontal stabilising fins 
3a^ may be attached to an upper portion of the shroud 3 or an helicopter 
type electrically driven rotor. 



The shroud 3 and balloon 2 may be constructed of a single-skin membrane 
but preferably a double or multiple membrane skin is used to facilitate 
servicing and to allow for weathering of the external surfaces. Netting 
or the like may be incorporated to reinforce the skins. As mentioned 
above, the internal surface of the shroud 3 is supported by a net la_ and 
this may be coated with a smooth lining to ensure smooth airflow through 
the duct with a minimum of surface friction. 

The material used in the construction of the membranes is preferably a 
high tensile strength waterproof material. Suitable fabrics are com- 
mercially available and are coated with such coatings as hypolon, poly- 
vinyl chloride, silicone rubber and the like. The fabrics themselves may 
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comprise nylon, dacron, polyester and the like. The shroud 3 and 
balloon 2 may have interior gas-filled bags made from a light-weight 
gas-impervious material such as poly tetrafluore thy lene sheeting 
(which is commercially available under the trade names "Mylor" and 
"HQSTAVAN") or the like. 

Snow and ice clearance is achieved by the installation of electric 
air heating units inside all of the gas-filled elements to the main 
surface. temperature of all external membranes above freezing point. 
Alternatively, flat electric low temperature heating tapes may be 
fixed to all surfaces susceptible to ice or snow build up. Suspension 
hooks may be affixed to the outer skin of all structural membranes for 
support of all service personnel repairing or otherwise servicing the 
membrane surfaces. 

In the embodiment illustrated 'in Fig. 1 and Iji a large diameter 3 or 
4 blade rotor R-j is used in conjunction with a centre body aerodynaraically 
shaped baloon 2 of medium diameter, and an augmenter 3 of large volumn 
and medium axial length. Diagonally disposed stays 4a are used to support 
shroud 3 in addition to stays 4 and 5. 

In this embodiment, and indeed with any of the embodiments of the invention 
described herein, extra lift to the structure may be given by use of an 
auxilary helium filled aerodynamically shaped balloon 20, which can be 
attached to the top of shroud 3. Horizontal lift and/or stabilising 
rotor 3a, may be relocated on top of balloon 20, or two 3^ rotors installed, 
one each side of balloon 20. 

Figure 2 illustrates the use of an augmenter shroud with a large diameter 
high torque multi-blade rotor R 2 , while figure 3 shows a high speed 
2 blade rotor Rg. The rotor construction may as described in my Patent 
Specification No. 335/79. 

Turning now to Figs. 4 and 4a, in this embodiment the shroud 3 and duct 
defined by it, are of very long length. The rotor comprises a plurality 
of rotatable blades Fj movable in relation to stators S 1 . The stators ' 
S, may be fixed stators or alternatively they may be movable about their 
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axis so as to alter their pitch relative to the rotor blades. In this 
arrangement the balloon 2 is dispensed with and the beam 1 is given an 
aerofoil shape to ensure maximum efficiency of the rottir. The shroud 3 
has-an axial length at least equal to the length of the beam 1, or it 
may be considerably larger* so as to achieve maximum air pressure differ 
ential through the duct. Figs. 5 and 5a show a somewhat similar arrange 
ment except that in this embodiment a second diffuser augmenter 3e is 
fitted to the leeward side of the augmenter 3. In these embodiments the 
duct has an air-intake portion upstream of the rotor which converges 
towards the rotor, and a diffuser section downstream of the rotor and 
diverging away from the rotor. 

Location of the diffuser augmented wind turbine units of the invention 
at selected altitudes above ground or sea level is maintained by means 
of a system of upward thrust-resisting .anchorage cables 1G, 12, 13, 
The anchorage system may be for example, as described in wy earlier 
Patent Specification No. 315/79. The anchorage cables are preferably 
light-weight cables made from synthetic plastics filaments of high ten- 
sile strength. Suitably., the cables are of sheeted polyamide filaments 
(for example of the kind sold under the trade name "KEVLAR" or "PARAFIL" 
The anchorage system is described in more detail hereinafter. 

In order to obtain power output on a viable economic scale, it is de- 
sirable to use a plurality of wind turbine units in the form of a multi- 
module array. Such an arrangement is illustrated in Figs. 6, 6£ and 6b. 
In this arrangement three units of the type described for example in Fig 
1, are disposed side-by-side by means of a laterally extending rigid 
lattice beam (see Fig. 16aJ which forms the main structural element to 
interconnect wing units 3J>. The lattice beam Id is. connected at right 
angles to the beam 1 of each unit and gives rigid lateral stabilisation 
to the array. 

A suitable anchorage system is also illustrated in Figs. 6, 6a and 6Jb. 
In this arrangement an inclined main stay 10 is attached at one end to 
the front of beam 1 and at its other end to anchor means 9 located at 
ground level. The anchor means 9 is firmly fixed to the ground, for 
example by deep foundation piles, and it may comprise a building. A 
secondary front anchorage cable 12 connecting the wind turbine to 
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anchor 9 may be used in areas of extremely high wind exposure* The 
anchor cables 10, 12 are rotatably connected to the anchor 9 such that 
the wind turbine or array of wind turbine units may move in a circular 
path of v/hich the anchor 9 is the centre. This ensures that the rotors 
may face into the wind irrespective of the direction of the wind. 

The wind turbine units are also anchored to the ground by means of vert- 
ical or substantially vertical anchor stays 13. In order to permit cir- 
cular travel of the units around anchor 9, the anchor stays are con- 
nected to a circular tensioned anchorage cable system 14 by means of 
mobile connector units 17. The anchorage cable system 14 is shown in 
more detail in Figs. 10 to 14* The cable system-14 comprises one or 
more high tensile strength cables, which may be rust-proof steel cables 
or synthetic plastics cables supported on top of a plurality of steel 
pylons : 15 disposed in a circle around anchor 9 (see Fig. 13). Details 
of the pylon 15 are shown in Figs. 10 and 10a. The pylons 15 are con- 
structed of solid steel or of steel lattice and are supported on heavy 
tensile foundations. The circular cable 14 is attached to the top of 
the pylons by a horizontal connector unit 14a (see Figs. 11 and 11a) 
using clamps 14t> in such a manner as to allow the mobile connector unit 
17 (see Fig. 12) to travel along the entire length of the cable 14 with- 
out obstruction by the pylons 15. The foundations 15j> for the pylons 15 
are so constructed as to allow small lateral movement of the pylons (e.g. 
to the extent shown by broken Vines 15£ in Fig. 10). The reason for this 
is that when the anchor cable system is being erected the cable is init- 
ially held somewhat loosely on top of pylons 15 which are in the inclined 
position 15c. The pylons are stayed by stays 16 which are fixed to ten- 
sile foundations 16b. The stays 16 are provided with turnbuckles 16ji 
which are tensioned to bring the pylons 15 into the vertical position 
thereby creating working tension in the cable 14. The foundations 15t) 
and 16Jd are designed to resist the total residual uplift force of the 
system. 

The mobile connector unit for connecting the anchor cables 13 to the 
circular cable 14 is shown in more detail in Figs. 12, 13 and 14£, and 
comprise a heavy steel plate unit in which a plurality of upper pulleys 
17j3 and lower pulleys 17b are journalled. The cable 14 is gripped between 
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these pulleys which are adapted to travel along the cable. The con- 
nector unit 17 is driven along the circular cable 14. by means of an 
electric motor 18 through a sprocket and pinion drive. In this way 
the entire array of wind turbine, units may be moved in a circular 
path around anchor 9 to face the rotors into the wind. As shown in 
Fig. 14a a system utilising twin circular cables 14 may be used. 
The circular anchor cable system 14 allows the wind turbine units to 
be located at any suitable site irrespective of ground factors thus 
greatly increasing the choice of site. The pylons 15 may vary in 
height to suit ground contours and maintain cable 14 substantially 
horizontal . 

Referring now to Figs. 7 and 7^ these show a multi-module array in 
which the wind turbine units are arranged in a double tier. Second- 
ary ailchorage cables 10a, 10b, 13a and 13b connect the lower tier with 
the upper tier and maintain tfcie upper tier in stable location relative 
to the lower tier. The gross uplift factor of the helium-filled bags 
in the upper tier is higher than in the lower tier to maintain a rigid 
wind-resisting tension in the secondary anchorage cables. As shown in 
Fig. 7^ the lower tier may comprise three units, for example, while 
the upper tier may have two units. Figs. 8, 8a, 8b and 8c also illus- 
trate a multi-tier system. In this arrangement the anchor 9 is com- 
prised of a lattice tower 90 which is supported by stays 9a^ which in 
turn are anchored to tensile foundations 9b* The multi-module array 
is connected to the top of the tower by means of horizontal rigid 
light-weight lattice beams 12a which are connected at one end to the 
beam 1 of each unit of the loWer tier, and at their other ends are 
pivotally connected to the top of the tower 90. The top tier of units 
is pivotally connected to the tower by a plurality of inclined light- 
weight lattice beams 10ji in similar manner. Thus, the array can pivot 
as a whole around the tower 90 to face the wind W as illustrated in 
Fig. 8c. 

The embodiment shown in Figs. 9 t 9a and 9b is a sea-based version of 
the land-based version described previously. In this arrangement the 
anchor cables 13 are connected to a heavy floating power-driven unit 
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15, while the anchor cables 10 are rotatably connected to a central 

anchor 9. The anchor 9 is firmly fixed to the seabed by means of 

stays 9^ which are attached to massive loads 9b on the seabed. The 

floating anchor 15 is connected to* the fixed anchor 9 by means of 

a floating cable 15a. Floating anchor 15 can be temporarily fixed 

to the seabed by means of anchor weights 15£ which are suspended . 

below the floating anchor 15 by a cable 15b. When it is desired to 

rotate the mul ti -modul e array of turbine units about the fixed 

anchor 9 so as to face the rotors into the wind, the anchor weights 

15c are lifted aboard floating anchor 15 by means of powerful electric 

winches. The floating anchor itself is then moved through the water 

by means of electrically-driven propellers or thrusters to face the system 

into the wind. 

A method for the assembly and erection of the wind turbine units of 
the invention is illustrated .in Figs. 20 to 21Id inclusive. The 
apparatus for erecting the units comprises a fixed tower 22 supported 
by stays 22a, and the platform is movable on rails or the like around 
fixed tower 22. Each of the towers 22, 23 is provided with lifting 
gear. The first stage of assembly is shown in Fig. 20 in which th^ 
beam 2 with generator room is assembled at ground level and lifted, 
between the towers. As shown in Fig. 20a the completed beam 1 is 
raised between the towers to a height which will facilitate the ass- 
embly and inflation of the gas-filled shroud 3. It will be appreciated 
that because of the large surface area presented by the inflated 
shroud 3 the structure is susceptible to stress and movement in high 
surface winds, and so it is desirable to be able to rotate the tower 
23 relative to tower 22 to face the unit into the wind Wj as illustrated 
in Fig. 20b. 

Figs. 21, 21a, and 21t> show a similar arrangement for assembling the 
structures at sea, or on a river or lake. In. this embodiment two 
fixed towers 22 are used and these are supported on a floating raft 
or barge 24 which is anchored by one end to an anchor 24a. The con- 
struction and assembly of the units is as described above. The float- 
ing raft 24 assumes a natural downwind position from the anchor 24a. 
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so as to face the structure into the wind to reduce wind stresses 
during assembly. 

One method of transporting an array of assembled wind turbine units 
from the assembly site to an operating site is illustrated in Fig, 15. 
In this arrangement motor driven propellers 3£ are suspended from side 
wing elements 3b. The propellers may be used to fly the airborne struc- 
ture to the operating site and once the array is anchored by means of 
cables 10, 13, the propellers and their motors may be removed for re-use. 
Details of the method of attaching the propellers 3£ and their motors to 
the wing assembly 3b is illustrated in Figs. 15a to 18a inclusive. It 
will be again noted that the lateral wings 3t> are supported by the trans- 
verse lattice beam 3b which also serves tQ hold adjoining units in fixed 
relation. As more clearly seen in Fig. 15b each wing unit 3b 1s prefer- 
ably tn the form of a helium-filled bag of aerofoil shape, and is further 
supported by stays 3d. An alternative transport system for the completed 
wind turbine units is illustrated in Figs. 19 and ISte. In this arrange- 
ment the assembled unit is towed from the construction site to the oper- 
ating site by means of a power-driven airship 20 to which it is connected 
by means of a towing cable 21 connected to the beam 1. 

A further embodiment is shown in Fig. 9£ in which the airborne structure 
is connected to an anchor tower 90 by means of cables 10, 10a_. In this 
embodiment excessive catenary sag in the cables is prevented by means of 
auxiliary helium-filled bags attached to the cables along their length. 
Furthermore in this embodiment the structure is additionally anchored by . 
a horizontal ground anchor cable 14* as previously described to which 1t 
is attached by cables 13. A somewhat similar arrangement is illustrated 
in Figs. 17 and 18, except that in this embodiment additional air lift 
is given by an auxiliary airship 19 disposed above the shroud 3 and 
anchored by cables 10a and 13. 

A central main control unit for the system described above may be housed 
in a building comprising the anchor means 9. Helium- and air-delivery 
pipes, electric power cables, control cables and the like may be affixed 
to cable 10. If desired, cable 10. may also support a cable car for ser- 
vicing the units (see Figs. 9^ and 11). Alternatively, electric power from 
airborne wind generator may be delivered via cables attached to vertical 
cables 13. 
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The construction of large diameter (100 - 200 ft. plus) single or mult- 
iple diffuser augmented wind turbines according to the invention is tech- 
nically and economically possible. Research into early airship (1900 - 
1937) construction and operation -technology shows that useful nett lift 
values of up to 100 tons were indicated as quite normal; while modern 
airship design and technology indicate the possibility of useful nett 
lift values of up to 500 tons. Within the framework of such huge load 
carrying capability the design and construction of lighter than air 
support vehicles of the invention requiring lift capabilities of 20 - 
40 tons is possible. (For design calculation 1,000,000 cu. ft. helium 
is taken as 27 tons gross lift value). 

To date, the largest wind turbines in course of design and construction 
are a 300 ft. diameter 2 blade 2.5 MW unit on a 200 ft. tower in the 
U.S.A.; a 329 ft. diameter 2 blade 3 MW unit on a 300 ft. tower in Nor- 
thern Germany; and a projected 476 ft. diameter single blade 5 MW unit 
on a 360 ft. tower also in Northern Germany. However, a study of the 
mean wind velocity profiles for winds at 300 - 400 ft. altitude over 
inland sites, indicate that only 50/60% of gradient wind speed (GWS) is 
available for power generation, while sea and coastal sites provide 
80/85% GWS at similar altitudes. On inland sites GWS is attainable only 
at altitudes from 1300 - 2000 ft. As GWS at these altitudes is double 
surface wind speed, the power output from such wind is increased by a 
factor of eight, i.e. cube of wind speed power differential. Maximum 
wind power output, therefore, can only be achieved by maximum augmenta- 
tion of wind power output at altitudes of 1300 - 2000 ft. to a total 
power increase factor of 24 - 32 times surface wind speed power. Full 
development of this maximum wind power potential is achieved by airborne 
augmented wind turbines operating at heights of up to 1000 ft. above 
ground or sea level, as described above. 

The subject matter of Irish Patent Application Nos. 315/79 and 335/79 
referred to herein is contained also in European Application Nos 
80300461.3 and80300749.1 
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1. . A diffuser augmented wind turbine structure comprising a rotor 
assembly and an electric generator characterised in that the structure 
Includes an axially disposed longitudinal load-carrying beam (1) 
which supports the rotor assembly and electric generator and defines 

a longitudinal axis about which the rotor (R-j) rotates, means for 
rendering the structure buoyant in air whereby the structure may be 
maintained airborne above the surface of the earth, said means including 
an annular lighter than air gas-filled shroud (3) surrounding the beam 
(1) to define a diffuser duct in which the rotor (R-,) rotates, means 
(la) for maintaining the shroud (3) in aerodynamically fixed relation 
to the beam (1), and a stabilising stay system (10, 12, 13) connecting 
the beam (1) to anchor means (9) located at the surface of the earth 
such that the air-borne structure may travel in a circular path around 
the anchor means whereby the ^structure may be maintained substantially 
downwind of the anchor means with the diffuser inlet facing substantially 
into the wind irrespective of the direction of the wind. 

2. A wind turbine structure as claimed in claim 1, characterised in 
that the diffuser duct has an air-intake portion upstream of the 
rotor (R-|), and a diffuser section downstream of the rotor (R 2 ) which 
is of conical shape and diverges away from the rotor Rj towards a 
duct exit. 

3. A wihd turbine structure as claimed in claim 2, characterised in that 
the duct is of smaller diameter at the air-intake portion than at the exit. 

4. A wind turbine structure as claimed in claim 3, characterised in that 
the air-intake portion of the duct converges towards the rotor (R-j ) . 

5. A wind turbine structure as claimed in any of claims 1 to 4,' 
characterised in that the shroud (3) is supported and maintained in 
aerodynamically fixed relation to the beam (1) by means of a radially- 
tensioned net or membrane (la) held between support rings (lb, 1c) which 
are located at opposite ends respectively of the beam (1). 
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6. A wind turbine structure as claimed in any of the preceding claims, 
characterised in that the stabilising stay system comprises a main 

stay (10) which is attached at one end to the front of the beam (1) . 
and is pivotally attached at its other end to anchor means (9), and a 
secondary substantially vertical stay (13) connecting the beam to 
secondary anchor means (14). 

7. A wind turbine structure as claimed in claim 6 characterised in 
that the secondary anchor means comprises a circular anchorage cable 
system (15) disposed in a circle of which the main anchor means (9) 

is the centre, and the vertical stay (13) is connected to said circular 
anchorage system (15) by mobile connectors (27) such that the end of 
the vertical stay (13) can travel in a circular path around the main 
anchor (9). 

8. A plurality of diffuser augmented wind turbines as claimed in 
any of claims 1 to 7, and interconnected together to form a multi- 
module array, said array being anchored by means of a stabilising 
stay system. 

9. A plurality of diffuser augmented wind turbines as claimed in 
claim 7, characterised in that they are interconnected together by 
means of a laterally extending rigid beam (Id). 
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Fig. 6a. 



Fig. 6b. 
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Fig.10. FiglOa. 




( ) 



0045202 

15/3 



■13 




m 



0045202 



Fig. 15. 
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